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AREAS OF RIBSEARCH 
Rocket sounding con t r ibu te8  t o  many a r e a s  of research. &le most 

important contributions are those for which the rocket is  requi red .  m o n g  
thess  Gre obscrvat ions of the r a d i a t i o n s  which e n t e r  t h e  e z r t h ' s  a tuosyher  
b u t  eannot p e n e t r a t e  t o  the  ;;round. d s o  inc luded  a r e  msasurements of 
p r o p e r t i e s  ctnd c o n d i t i m s  of  the  atmospham that e x i s t  a t  hik;h a l t i t u d e  
where they cannot  be observed from t he  ,;_round o r  t he  lower dtmosphere. 

~ ~ i t h o m t  the rocke t  o b s e r v d  ;i ons thsrs is  much d b  ou-b t he  upper a tuosphere  
and the  incoainG r a d i a t i o n s  thUt would be left e n t i r e l y  t o  speculd t ion .  
It i s  the  i n t e n t  i n  t h i s  s e c t i o n  t o  review erne of  the impor tan t  a r e a s  t o  
;-j4:ich r o c k e t  e ounding has con t r ibu ted  dnd t o  which i f  can c on t r ibu te  . 
p a r t i c u l a r  s t r e s s  will be l a i d  ugon o b k m s  ye t  t o  b e  solved.  I t   ill 
be seen that t h e r e  i a  much yet to be and that there i s  a r e a l  need 
for good ideas  and e f 2 e c t i v e  m t h o d s  tack on $he var ious  problens.  

B r t h '  iilnosphqrq 
-e- -. 

%e Barth's atnosphere prasrptnt8 m e  of the  m o s t  e x c i t i n g  
chal lenges of geophysics.  '?Liere are I?!s%IJ?' algedts of the atmosphere t h a t  
a r e  i n t e n s e l y  i n t e r e s t i n g  i n  t-Lemselves. !he whole s u b j e c t  o f  meteorology, 
which has d i r e c t  bear ing  on o n  everyday l i v i n g ,  is one of g r e a t  complexit; 
and f a s c i n a t i o n .  The high atraw&hhQs. t o o ,  has a $EM & - i o n  of i t s  own, 
b u t  is q u i t e  d i f f e r e n t .  'hereas i n  lower a%nosph water  vapor plays 
a m a j o r  role, the "weather" o f  tlie upper a tnosphere  is based pr inar i ly  Qn 
e l e c t r i c a l  and photochemiaal haJlges. Tke ionosphere,  i ts composi t ion,  i t s  
r e l a t i o n s  t o  solar radiation and act ivi ty ,  its dynamios, i ts  connect ions 
with magnetic s t o r m s  and r a d i o  b l ackou t s ,  a r e  211 i n t e n s e l y  absorbing.  Pie 
motions of the a tnosphere ,  no% o n i y  @lose near t h e  ground which we experie  
day i n  and day out ,  but those i n  the h& atmosphere , are  themselves a 
s u b j e c t  of b o t h  i n t e r e a t  and importance. t he  pzax3p;ipal f a a c i n a t i o n  i s  
that a l l  t h i s  t o p i c s ,  and more t o o ,  conoem #I s ingle  e n t i t y  t h a t  camprises 
the  e a r t h ' s  atmosphere. It is underseknding t h i s  t o t a l  e n t i t y  and a l l  the  

9 i n t e r r e l a t i o n s h i p s  between tLe v a r i o w  aspec t s  of the  atmosphere,  t h e i r  
changes with t ime and t h r o u , h o r t  space t  that makes up t h e  b i g  problem. 

c o n s i s t e n t  theory the  observed f a c t s  abmt the structure, m o t i o n s ,  and 
c h e a i s t r y  of the  high and l o w  atmasphere,  about the meteorology of the  
l o w e r  atmosphere, about t he  energy illput8 i n t o  the  atmosphere f r o m  the  
sun  i n  the  f o r m  o f  e lec t romagnet ic  r a d i a t i o n s  and p a r t i c l e s .  %ere a r e  
o t h e r ,  l e s s e r ,  ener;y inpu t s  a l s o , s u c h  s8 t he  solar and lunar t i d e s .  I n  
add i t ion  t h e r e  are e f f l u x e s  of energy t o  be taken i n t o  account .  

'Iand i n  hand with t h e  e f f m %  t o  u n b r s t a n d  the atmosphere as i t  
i s  today goes the  e f c o r t  t o  unveil. the zaysteries of i ts  migin.  The sub jec  
broadens and i n c r e a s e s  i n  i n t e r e s t  when One cons iders  t h e  r e l a t i o n a  betwee 
the  e a r t h ' s  atinosphere and those of t he  other p l ane t s .  'Yith s a t e l l i t e s  and 
space probes t o  c o l l e c t  infor lnat ion on the  atmwpheres  of t he  otlier p l a n e t  
while  s Gunding r o c k e t s  exaniins the  eaath's atnosphere, t h e r e  opens up the  
opportuni ty  t o  compare, t o  seek o u t  s i m i l i a r i t i a s  Had dilu;trerGnoes. The cmm 
s tudy  of  t e r r e s t r i a l  and p l a n e t a r y  atnosph8Pes will l ead  t o  a better under 
s tanding  of  t h e  e a r t h ' s  atmoEtphQre. 

There a r e  t w o  p r i n c i p a l  a s p e c t s  t o  t he  j o b  of developing an understam 
i n g  o f  o u r  atmosphere. First, t h e r e  i s  t h e  c o l l e c t i o n  oi" data. lhis t ask  
has been underway for a long t i m e  . & the last 15 years t he  soundlng roo'- 
haa contr ibwted g e a t l y ,  p a r t i c u l a r l y  i n  the c o l l e c t i o n  of d a t a  on the up- 
p e r  atmosphere. EIuch remains t o  b e  dw6c .Secondly, t h e r e  is  the  task of 
a s s i t : i l a t i n g  the  data i n t o  a Correct picture of t he  whole atmosphere and 
i t s  behavior.  T,&j is a task  w o r t i v  af the beat that theorists can devote  
t o  it. 

&ny methods have been used t o  collect data on the atnosphere.  5 e r e  
are p o u n d  observa t ions ,  ba l loon  measurements, and experiments with air-  
c r a f t ,  r o c k e t s ,  and sa t e l l i dma .  all t hese  approaches a r e  i m p o r t a n t  and 

To so lve  t h i s  o v e r a l l  problem, one has t o  f i t  toge the r  i n t o  a 
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an2 prod.xctive. S ince ,  however, t h e  a u b j e c t  of  t h i s  paper  is  r o c k e t  sound--  
i n g ,  we s h a l l  confine o u r  a t t e n t i o n  t o  t h e  rocke t s .  

-Qu-L.-..- St ruc tu re .  In  cons ide r ing  the  at here it  i s  n a t u r a l  f i rs t  t o  
l o o k  at the s t r u c t u r a l  p r o p e r t b e  ? pres su re  , t e n p e r a t u r e ,  and 
5snsi”,r. !?ne p r e b s w e  and clensit;y vaw eesent ia l lg  exponen t i a l ly  with 
hci@~-t.. Bu t  both preeeure and densi-by p r o f i l e s  d e p a r t  frm a pwre 
exponent ia l  beoause temperature  v a r i e s  with a l t i t u d e .  Above the 2-region 
c: DL.~  mi t i  02a ohanges a l s o -  have ark ap e f f e c t .  !the exponents of the 
p re s sme  and d e n s i t y  func t ior i s  show 
Tho a taoaphcre  e x h i b i t s  d i f  r e n t  l a t i t u d e s  e s p e c i a l l y  at, 
high. al t i txde,  In -$&e t i t i d e ,  the atmosphere i.s 
m c h  h o t t e r  than over a tor la l  r eg ions  . Likewise, t h G  
a u i - o r d  zone d e n s i t i e s  a m  h i n  lower l a t i t u d e s .  mbs 
e f f e c t  is perhaps dum t o  e rge t ic  p a r t i c l e s  t h a t  Cd.US€ 

t he  anrora* Zhese part ic les  c o n t r i b u t e  the anergy t o  t h e  atiiiosphere t h a t  
accotmts f o r  the higher temperatures and d e n s i t i e s .  AS may be exsec-ted, 
t he ro  a r e  day t o  riight dif ferenuea,  p a r t i c u l s r l y  at  the  v e r y  high a l t i tua . ; ,  
where the d iurna l  v a r i a t i o n s  are q u i t s  lmge.+ !Phis i n  tu,m mean3 t h h t  t h e  
aknosphere e x h i b i t s  d i f f e r e n c e s  i n  lor igi tude t h a t  are  connected with the  
solar p o s i t i o n .  SeaaonaL d;lf$eFWce e, q u i t e  mGrlied i n  the  
l o w e r  atmosphere, b u t  a r e  n o t  well as has appeared I . ike l j  
of  late so lar  p a r t i c l e s  have a n a k e d  i n f l u e n c e  on atmospheric behavior ,  
than  one expec-ks that be impor t an t  v a r i a t i o n s  connected w i t h  

change above about  130  b. 

t h e  solar cycle. 
!?he r o c k e t  can provide nx.ch needed d a t a  on atmospheric s t ruc ta t re .  

Meaoummen.ts should be cont inued throxghoEt a complete su-nspot cyc le .  
TCeasinements are needed all mer the  world t o  e x h i b i t  geographic v s r i a t i o r i ,  
as well as changes with time of  day and season.  %?ere i s  p a r t i c u l a r  
importance i n  determining whdt  r e l a t i a a a  nay e x i s t  between the r e t e o r o l a g y  
of t he  lower atmosphare and t h e  a c t i v i t y  OT t h e  upper atmosphere. Booperat 

, r o c k e t  f i r i n g s  designed t o  g ive  s imultaneous,  o r  s p e c i a l l y  r e l a t e d ,  
observat ions on the  upper atnosphc-re at d i f f e r e n t  geographic l o c a t i o n s  
would be  of g r e a t  va lue ,  * 

._-__I ConEosition. -_c--- 
!The gross composition of the e a r t h ‘ s  atmosphere i s  

known from d i x c t  measuremnts  i n  fhe lovvor d t i t u d e s 4  The lowe,- atmospherl 
1s c h a r a c t e r i z e d  by t h e  presenca of water vapor and anly a t r a c e  of 
i o n i z a t i o n .  I n  the  h igh  atmosphere, on the o the r  hand, t h e r e  i s  vir tu- l ly  
n o  water ,  but; much more i o n i z a t i o s .  The lower p o r t i o n  of the a tnosphere  i s  
thmouglily n i x e d ,  t h i s  mixing ex tend ing  up t o  roughly LOO km. atmospheric 
c o n s t i t u e n t s  begin t o  shotv a d i f f u s i v e  s e p a r a t i o n  with a l t i t u d e .  Se low 
8Qla. t h e r e  i s  very  l i t t l e  var is’cion in the atmospheric cornpositi.on, the  
nos-t;  no tab le  except ion  be ing  t h e  fornation of a smll amount o f  ozone. 
I n  c a n t r a s t ,  above 80 km. t b e r o  are marked changes. Oxygen d i s s o c i a t e s  
i n t o  the atomic f o r m ,  with t h e  r e s u l t  t h a t  +here is  very l i t t l e  molccular  
oxygei2 above 150  ka. Nmeover ,  thE d i f f u s i v e  s e p a r a t i o n  r e r c r r e d  t o  a b m e  
tends t o  emphasize the  l i g h t e r  c o n s t i t u e n t s  at  t h e  h ighe r  a l t i t k d e s  . !lJius 
the  m o u n t  o f  h e l i u n  s h o u l d  i nc reaso  wi th  a l t i t u d e  above 1 C O  km. A t  t he  
toic, of t he  a’cnosghere, t he  p r i n c i p a l  c m g t i t u e n t  i s  be l ieved  t o  be 
k,yJrogen. The p r i n c i p a l  i ona  are t he  p o s i t i v e  moleccLar oxygsn i o n  and 
t he  p o s i t i v e  n i t r i c  oxide i o n  i n  the  fi: aw r e g i o n s Q  Tl?e F o s i t i v e  i o n  
of’ a t o m i c  oxygen becomes i n c r e a s i n g l y  imp t wi th  i n c r a a s i n g  h e i g h t ,  
becoming dominant i n  the  F% regi.on* 

M o s t  of ti?e data an tlm upper a t m a p h e r e  ds sc r ibed  above wcre ubtainec. 
by mems of sounding r o c k e t s .  There i s  s t i l l  much f o r  the r o c k e t s  t o  do .  
hdetai le .3  i n v e s t i g a t i o n  o f  t h e  d i s t r i b u t i o n  o f  (lzone up t s  and a b m e  60 I,;;_.. 
s h x l d  be i n i t i a t e d  t o  de$zrmine the geographica l  and t e m p x a l  v a r i a t i o n s  % 

Pztici i1a.r  emphaais s h o u l d  be d i r e c t e d  t o w a r d  seeking  out r e l a t i o n s h i p s  
between 02; ODE! behavior  and weether. 1.9ore i E . f  m w t i o n  is  needed on t k e  phq ’- 
q k r a i c a l  p rocesses  acc:rring i n  t 3 e  ve ry  t t i $  a t n m p h e r e  . Yhera i s  up- 
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p o r u u n i t y ,  w i t h  sounding r o c k e t s ,  for conduct ing experiments i n  t h e  high 
alaosplicre w i t h  sodium vapor clouds dr r e l e a s e s  of o ther  chemicals.  These 
experiments give one a means of d e t e m i n i n g  photochemical r e a c t i o n s ,  wind, 
3 i f f  usion Pa te s  r e c  ombinati '3n c o e f f i c i e n t s  energy and cl?;trge exchange 
p rocesses ,  c 3 l l i s i o n  cross sec t rcms,  and even d e n s i t i e s .  An important  
s u b j e c t  t h a t  has r ece ived  b u t  l i t t l e  a t t e n t i o n  t o  d a t e  csnderns the minor 
c o n s t i t u e n t s  of  t he  a t sosphe re ,  30th n e u t r a l  and charged4 There is need t 
i n v e s t i g a t e  t h e  d i f f u s l m  re,$on of tile h igh  atLL-ephere i n  d e t a i l .  In 
p a r t i c u l a r ,  t h e  hydrogen r e g i m  ha d but  l i t t l e  a t t e n t i a n  s o  far. 
m e  d i f f e r e n c e s  i n  the high atmosp e m  t he  auroral r e g i o n  and t h e  
temperate and c q u a t o r i a l  zones shou aatigated thoroughly.  I n  
p a r t i c u l a r ,  t he  re la t ive  ro les  o f  & a g n e t i c  r a d i a t i o n  and p a r t i c l e  
r a d i a t i o n s  i n  i n f l u e n c i n g  atmunphe or should be i n v e s t i g a t e d  i n  
d e t a i l .  

I on iza t ion .  Observations wi th  rocrketsr and o-t.ber methods have succee:; 
i n  showing thdt  the i o n i z a t i o n  of the a$mosphere i n  the  i m s s p h e r e  reriain. 
dense f r o m  below the  E r e g i o n  t o  the maxhun of t he  F2 reg ion .  The d e c l i n .  
i n  i a n i z a t i o n  above t h e  Iilaximun of the F2 r e g i o n  i s  very  slow, t h e r e  bein:! 
t h r e e  o r  m s m  times as much t o t a l  i o n i z a t i o n  above as below.  B e  normal 
D r e g i o n  is dau88d- b y  s o h r  ultraviola.fs'rad$2&kc)n ia, 
l i n e  of hydrogen a t  1216 A. The enhdnced D r e g i o n ,  ex tending  nuch lower 
i n  the atmosphere than t he  normal D region, has been shown t o  be caused 
by hard X-rays emi t ted  by the sun a %b@ % b e  of a flarei %e p r i n c i p a l  
i o n s  i n  the E r e g i o n ,  b e s i d e s  t h e  nega t ive  electrons,  are the pos i t ive  
i o n s  of rno lecddr  oxygen and n i t r i c  .oxider I n  the  upper l e v e l s  of  the  E 
r e g i o n  and the F1 region t h e  n i t r i c  bxide ion becomes . i n c r e a s i n g l y  domina1 
The posi t ive i s n  of atomic oxygen i n c r e a s e s  i n  r e l a t i v e  abundance w i t h  
i n c r a a s i n g  a l t i t u d a  until i t  becomes predominant i n  the F reg ion .  In  midd! 
l a t i t u t e s ,  a t  sunspot  maximun the summer noon e l e c t r o n  d e n s i t y  is  abou t  
2 X LO e l e c t r o n s  per cubic  cen t ime te r  a t  F2 maximun. This i o n i z a t i o n  

-- - 

Lymn-alpha 

. i n t e n s i t y  dec reases  b y  a f a c t o r  of  t e n  a t  t h e  t i m e  Df sunspot  minbum. 
m e r e  a r e  many m o r e  d e t a i l s  a b o u t  the ionosphere tha t  have been 

obtained by rocket obscrvat ions.  I n  p a r t i c u l a r  t h e r e  have been meas&remc: 
of  the ionosphere i n  the  auroral zone. Mevertheless ,  more observat ions 
a r e  r e q u i r e d  sf tlie d i f f e r e n c e s  between polas ,  a u r o r a l ,  temperate ,  and 
e q u a t o r i a l  ionospheres .  S p e c i a l  a t t e n t i o n  t o  t h e  higher r e g i o n s  of  t h e  
i onDsphere, p a r t i c u l a r l y  beyond the F2 maximun, is requ i r ed .  Day-night 
d i f f e r e n c e s  i n  the ionorsphere have as y e t  n 3 t  r ece ived  adequate  a t$en t ion .  
I n  a d d i t i o n  t o  measurements o r  the normal f k o a p h e r e ,  s t u d y  o f  unusual 
cond i t ions  i s  important .  Investiga'Gions should be m de of spporadic E, 
spread  F, and i o n a s p h s r i c  i n h m o g e n e i t i s e .  P a r t i c u l a r  a t t e n t i o n  should 
be devotod t o  s imultaneous observa t ions  of solar a c t i v i t y  and ionosphe r i c  
e f f e c t s  

Xotions.  ntiaospheric raokions winds, a d  turbulence ,  have l o n g  been 
s t u d i e d  i n  the  lower atuosphere.  They c30mprise d f u n d a m n t a l  LJh1-t of  %!is 
weather p i c t u r e .  I n  the upper atmosghere obssrvdt lons  of metc o r  t rails  
b o t h  b y  v i s u a l ,  photogrdshic ,  cad io ,  and radar techniques ,  hztve y i e lded  
much mf o r m a t i  an on upper winds. Ioriospheric d r i f t s  have been i n v e s t i g a t e d  
by  r a d i o  techniques.  &'lost r e c e n t l y  rookete  Wve been used i n  the  i n v e s t -  
i g a t i o n  of h igh  a l t i t sde  winds. Grenaaea 4,jected from r o c k e t s  and explodet  
gene ra t e  sound waves which t r a v e r s e  the atmosphere a t  a speed c h a r a c t e r i s i  
o f  t n e  ambient atmosrpheric temperature  . Gbservati ons of t h e  t r a n s i t  t imes 
o f  the sound waves f'3!wrn t he  explos ion  p o i n t  t o  l i s t e n i n g  s t a t i o n s  m t h e  
&mound p r m i d e  , t h e r e f  o r e  a means of  d e t e m i n i n ,  dtils8pheric temperature 
a t  high a l t i t u d e .  Ihnds i n  the  upper r e&ions  i n f l u e n c e  t h e  spesds  o f  the 
sound waves from the grenades. By t h e i r  e f f e c t  on the sound speeds thsss 
wind speeds can be metisure-d. The technique is appl-cabla  t o  a l t i t u d e  
fron balloon ceilings t o  around 90 km. r each ing  t o  as ki .h 5s 250 Inn., 
s o d i m - c l o u d s  e j e c t e d  a t  twil i ,ht  have proven a powerful technique i n  
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n h s o r v i n g  d i f f  us? on, wind speeds ,  vvlrid sheqiya, and turbulence . The r i s i n g  
o r  s e t t i n g  sun ,  i l l umina t inG t h e  sad- i lm cloud f r o m  t h e  s i d e ,  causes  i t  t o  
g l o w  i n  the  f a m i l i a r  s o d i m  3 yellow linast This v i s i b l e  cloud can then 
b e  observed b o t h  v i s u a l l y  and photoATaphic&lly. The r o c k e t  observdt ions 
have shown d i s t i n c t  s easona l  t r e n d s  e r  winds ‘ inds appear strow. 
and f ron  t h e  west In tlia ‘ ! , inter  aGd 61 weak and f r o m  the  e a s t  i n  
swniner. There a r e  probabl;,,- d i m a l  v ne superposed m t h i s  s easona l  
behavior.  Morning wind8 appear 5 Ig and evening winds wes ter ly .  
Considerable turbulence  and markied w i  s tire observed i n  the  E reglci .  
o f  t he  ionosphere ; a t  the  higher a l t i  arge wind syeeds a r e  observed, 
b u t  t h e  v z r i a t i o n  wi th  a l t i t u d e  i s  gu 

t h e  n o r t h e r n  hemisphepe t o  date. Meas I have been made a t  Vhite 
Sands, New Mexico; Cape Canave #all ops i s l a n d ,  V i r g i n i a  ; 
F o r t  Church i l l ,  Cahada; the  S @rat A u s t r a l i a .  There i s  a nee t  
f o r  similar observations i n  the  8 o u t  kaphere and on t h e  eyu2ttor. So 
far the d a t a  obtained a re  s c a t t e r e d  aha r aeagre .  I&ore informat ion  i s  
needed on b o t h  daily and ssasonal vu$&% 4 thorough coveraze i s  
r equ i r ed  from t h e  equator  t o  b o t h  poloa.  uch observa t ions  an i n t e r -  
n a t i o n a l  coopera t ive  program would b s  Of s e a t  value. The sodium vapor  
cloud technique p a r t i c u l a r l y  lends  i t  0 coopera t ive  programs. ?YE 
grenade technique ie more d i f f i c u l t  t 
i n  coopera t ive  observa t ions  f cr tile lower a l t i t u d e  range .  llore a t t e n t i o n  
should be pa id  t o  ob ta in ing  data on v e r t i c a l  n w e n c n t s  w i th in  t h e  atiLJsphe1 
on tu rbu lence ,  and 0x1 dicfguaion. 

Tho r o c k e t  observa t ions  an a t m o s  o t ions  have been confined t o  

b u t  might p o s s i b l y  be einployed 

Aurora. The evolving s l c t u r e  o f  t h e  e a r t h ’ s  r a d i a t i m  b e l t s  lends 
Birpport t o  the  b e l i e f t h a t  the  b e l t s  are the iranediate s ~ u r c e  of pdrtic1es:- 
t h d t  g ive  r i s e  t o  t he  a u r o r a .  It i s  c l e a r  t h a t  tha  aurma is  a s s o c i a t e d  
w i $ h  a c t i v i t y  on t h e  sun. a l t h o u  h the v i s u a l  aurora can be observed and 
s t u d i e d  from the  ground, t h e  r o c k e t  i s  needed t o  i n v e s t i g a t e  t h e  a u r o r a  
fram wi th in  t u  a easu re  the  u l t r a v i o l e t  a u r o r a  and t 3  observe t h e  p a r t i c l e  

- r a d i a t i o n s  that  c r e d t e  the  phsnlmenon=. Rookets w i t h i n  tlie c;uTora, hand i n  
hand w i t h  ground observa t ions  on the  one aide and s a t e l l i t e  observa t ions  
on the  o t h e r ,  G r m i d e  a govierful nethod of a t t a c k i n g  this m o s t  i n t e r e s t -  
i n g  problem. There i s ,  of  c o w s e ,  need f o r  in format ion  3n t h e  n a t u r e  and 
energy 3: t he  p a r t i c l e s  w i th in  the  atmosphere t h a t  a r e  a s s o c i a t e d  wi th  
a u r o r a .  It w i l l  b6  o f  i n t e r e s t  t o  observe where t h e s e  p a r t i c l e s  a r e  
s topped ,  and the  r a d i a t i o n s  t o  nliich they give r i 5 e  0 x-rays and u l t r a -  
v i o l e t  r a d i a t i o n s  must be s t u d i e d  i n  rockets and s a t e l l i t e s  whereas t h e  
v i s i b l e  r a d i a t i o n s  can a lso be observed f r m  the ground. 

A i r g l o w .  The a i r g l D w  is a f a i n t  r a d i a t i m  that i s  con t inuos ly  given 
oL’f by the  Garth’s  h i  h a tnosphere.  The a%r,-.low is  c2mr;r~sed of l i n e s  and 
Sands o f  the  atmaspheric  c o n s t i t u e n t s .  Th@ well-known 5577 A green l i n e  
o f  atomic oxygen is included.  Other wavelengAhs a r e  also obssrved, includ-  
ing t h e  sod ium D yellow l i n e s .  a l though the a i r g l o w  spectruni is similar 
t o  that  of  t he  aurora, tile a - r ; l o w  i s  v e r  c h  f a i n t e r  than the  a u r o r a l  
r a d i a t i o n s ,  and the  mechanism g iv ind  riser the a i r g l o w  i s  d i f f e r e n t  f r o m  
t h a t  g iv ing  r i s e  t o  t he  aurora. The airc,looa is a f luo rescence  and 
phosphorescence of t he  upper atmosphwe molecules . It is  evidence of photo-  
chemical. a c t i v i t y  i n  t h e  h i& at i ioaphsre ,  a d  t h i s  i s  t h e  p r i n c i p a l  
importance of t h e  a i r g l m  t o  t h e  at:iosph$r%c researcher  . 3ie a i r E l o w  a l s o  
f u r n i s h e s  c l u e s  t o  atmospheric composi t ionr  

o f  data on a i r g l o w  i n t e n s i t i e s ,  geographic d i s t r i b u t i m s  , and var ia t ims  
with -time. However, groat d i f f i c u l t y  attaches t o  de te rmining  the  h e i g h t s  
fron which t h s  airglows o r i g i n a t e .  The rocket on t h e  o ther  hand can very  
qu ick ly  dei;ermine t h e  ac-tual h e i g h t s  o f  o r i g i n  of t he  a i r g l o w  r a d i a t i o n .  
Xockets i n  coopera t ion  w i t h  ground-b&ad photomei-r.ic o b s e r v a t i m s  c ~ n  
p r m i d a  a s t r o n g  a t t a c k  on the  p r o b l e m  of the a i r g l o w .  Determinat ion o f  
l o n g i t u d i n a l ,  latitudinal, temporal ,  and a l t i t u d e  v a r i a t i o n s  of  t he  a i r -  

It i s  p o s s i b l e  from ground-basad observa t ions  t o  ob-tai-n g r e a t  q u a n t i t ;  

sm s 
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. glow a r e  of  pdrticu1a.r  importance - ?he chanii o a l  ac:.tivi-tie,s ass ociatad w i t l ;  
' t he  airglow r a d i a t i o n s  a r e  l i kewise  e s s e n t i a l  p i e c e s  o f  i n f o m a t i o n .  I n  
a d d i  ti on 6 o obse rva t i  on of the  n a t u r a l  airbl ow phen omenon, t l l c  r o c k e t  p r  0.- 

vidsa  a means f o r  experimentin<; wi th  a r t i f i c i aL1  airglows. Diese can be 
produced b y  c j e c t i n g  variotxs mdter i tz ls  in%o tlic hi,& atmosphere . For 
exanple ,  sodium or potassium vapor cZouds e j e c t e d  i n t o  the  high atlilosphero 
a t  t h e  t i n e  o f  t h o  s e t t i n g  o r  r i s i n g  S L ~  provide a glowing c load  which 
f l a o r e s c e s  under the radiat ion f r o m  t h e  sun. Bthylene gas s j c c t c 6  i n t o  tli? 
ionosphere glows because o f  photochemical r e a c t i o n  with atmospheric 
c o n s t i t u e n t s  a l r e a d y  t h e r e .  The s a w  is ae of n1tr i .c  oxide e j e c t e d  i n t o  
t h e  h i i h  a tnosphere .  A combination of' DbBervation of  t h e  n a t u r a l  a i r g l o w  
and experimen-:;ing wi th  a r t i f i c i a l  airglQw8 should prove t o  be a powerful 
t o o l  for i n v e s t i g a t i o n  o f  photochernieal a d  i on izak ion  processes  i n  the  
high atnosphere.  

Ex te rna l  *- -.-*e . - i n f  - - luonces - c.--- There dre powerf hl i n f l u e n c e s  a c t i n g  u p m  the  
e a r t h ' s  a tnosphero.  The s u n ' s  e l e c t r m a g m t i c  r a d i a t i o n  b r i n g s  a 
cons ide rab le  anount o f  energy i n t o  the atlvosphers. 3 1 s  r d d i a t i o n  lldS a 
pronounced e f f e c t  upon t h e  lower l e v e l s ,  p'ivind r iss t o  t he  v a r i e d  
n a n i f e s t a t l o n s  of  weather dnd c l i n a t e .  It appears  t h a t  t h e  u l t r a v i o l e t  
r a d i a t i o n s  also inz luence  tlie lower atmospliere. It i s  c e r t a i n  t h a t  t hey  
l a v e ,  a long  wi th  solar x-rays9 a pronounced e f f e c t  upon the  i i ish 
a tnosphere ,  g i v i n g  r i s e  t o  t h e  ionosphers  h e a t i n y ,  upper winds, dirglows 
e t c .  For  over ha l f  a cen tu ry  p a r t i c l e  r a d i a t i o n s  f r o i n  tlie sun have bcen 
taken as t h e  cause o f  t h e  i z u r 3 r a 9  mag,ne-tic storm and special ionosphe r i c  
effects . .  Becent observa t ions  of t hese  phenomena t o g e t h e r  with i n v e s t i g a t i ;  
of t i l a  r a d i a t i o n  b e l t s  and the  i n t e r p l a n e t a r y  rnediun i n  the  v i c i n i t y  o f  
t h e  e a r t h  nave confirmed and c1ari; ' ied t o  some e x t e n t  t h e  r o l e  of p a r t i c l s  
rad ia- t ions  i n  connect ion w i t h  the  aurora, mdt,neti:: s t o r m s ,  ctnd s p e c i a l  
i onosphe r i c  e f c e c t s .  !?lie i n d i c a t i o n ,  however, i s  t h a t  t h e  i n f l u e n c e  of 

. p a r t i c l e  r a d i a t i o n s  u,)on t h e  e a r t h ' s  atmosphere is  even broader than  was 
e a r l i e r  suspec tsd .  %ere a r e  si,:ns that t h e s e  p z r t i c l s  i n p u t s  may a l s a  iiavc 
t h e i r  i n f l u e n c e  upon the  weather. h1t;hough t h e s e  l zs t  i n d i c a t i o n s  a r e  b y  

' no means c o n f i m e d ,  they  a r e  o f  s u f f i c i e n t  i m p o r t  as t o  dcserve c a r e f u l  
i n v e s t i g a t i o n .  The i n f l u e n c e  o f  the  e lectromatinst ic  r ad ia - t ions  f r o m  tlie 
sun a r e  d i r e c t  and immGdidte. Some of t h e  p a r t i c l e  i n f l u e n c e s  on the  
atmosphere ocurr  i m e d i a t e l y  uFon brrival of t he  p a r t i c l e s ,  a31 h o w  o r  a 
day a f t e r  t he  solar event .  d t h e r  p a r t i c l e  i n f l u e n c e s  a r e  delayed by 
s t o r a g e  o f  t h e  p a r t i c l e s  i n  the  r a d i a t i o n  b e l t  f o r  l ong  pe r iods  of time. 

The oppor tuni iy  now e x i s t s  with s a t e l l i t e s  2nd space probes t o  mount 
a vigorous a t t a c k  on these  v a r i o u s  problems. !Be sounding r o c k e t  can be 
used t o  handle those s t u d i a s  t h a t  a u s t  be conducted wi th in  t h e  atmosphere 
between ba l loon  a l t i t u d e s  and a J t e l l l t o  he igh t s .  One needs f u r t h e r  d e t a i l  
on thz  p o p u l d t i m  uf t h e  r a d i a t i o n  b e l t ,  j ? a r t i c u l d r l y  the low energy 
p a r t i c l e s .  One nseds t o  determine the  time h i s t o r y  of s d a r  i n p u t s  t o  t h e  
v i c i n i t y  of  t he  G o t h ,  t he  a s soc ih t ed  behavior  o f  t he  r a d i a t i o n  b e l t ,  and 
thz  a s s o c i a t e d  e f l e c t s  upon the  a u r o r a ,  weather,  the ionosphere ,  r a d i o  
c o m u n i c d t i o n ,  dnd t h e  iila-;netic f i e l d .  The oonnect ion wi th  r a d i o  black- 
outs  and ma ,  n e t i c  stcrcm i s  GI g o a t  pract.ica7- importance. 

i n f l u e n c e  on charged p - i r t i c l e s .  The charged p a r t i c l e s  i n  the  e a r t h ' s  
r d d i a t i o n  b e l t  a r e  hkld t h e r e  becausa they  are t rapped by the  e a r t h ' s  
ma,ne-lic f i e l d .  Likewise, i o n s  and e l e c t r o n s  i n  t h e  e a r t h ' s  ionosphere &re  
inf luenced  by the prescnce of a ma;-;netic f i e l d .  T h i s  f i e l d  a f f e c t s  
c o n d u c t i v i t y ,  d i f f u s i o n ,  and c u r r e n t  f l o w s  i n  the ionosphere.  S i m i l a r l y  
t h c  ma,;nstic f i e l d  itsslf is  i n  tiurn a f f e c t e d  by t h e  ionospher ic  c u r r e n t  
flows. 'Thcreas t h e  a r t i f i c i a l  s a t e l l i t e  is p robab ly  t-he b e s t  device  f o r  
making long-term and d o t a i l e d  s t u d i e s  o f  the ear th 's  rndtnetic f i z l d  and 
the  r a d i a t i o n  b e l t ,  on t h s  o ther  hand th6 sounding r o c k e t  i s  b e s t  f i t t e d  
for i n v e s t i g a t i n g  i o n o s p h t r i c  c u r r e n t  f l o w s ,  and conduc- t iv i t i s s  and 
d i f f u s i o n ,  s i n c e  t h s s i  a r e  a s s o c i a t e d  with the atmdspiicre belovv normal 
s a t e l l i t e s  a l t i t u d e s .  

The e a r t h ' s  r i r n e t i c  f i e l d  i s  o f  e s p e c i a l  importance becausz o f  i t s  

1 
SIE 
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C o s m i c  . r a p  nakQ Sone i n p i f  into tho a-%innapl?ere. 'They a r e  the  source  
of much of  the  imi . za t i . on  c x i s t i n g  n e m  t h e  grou!!d. 3 u t  o ther  than tha t  
the  c osmic ra,ys p r o b a b l y  l?=lve ne&.li;ible i n f  ldence on the  t o t a l  atniosphera? 
bzha-7j.o.r. S3LJn2ing r o c k e t s  provide m. s f f e c t i v e  t o o l  f a r  t h e i r  stud.y, 
;;lth3uz,.'il b a l l o o l n s  ana s a t G l l i t e s  are pro5a'oly n o r 3  m e f u l  i n  t h i s  c?r?necCt:' 
Tks i n a j c r  interes-L i n  c o m i c  r a y s  i s  i n  t he  r a d i a t i o n  i t s e l f ,  and i t s  
c osmo1cgj.ca.l i inplicat-i  an3 
atrnosghsre. S o l a r  cosn ic  r a y s ,  or e c l m  y ? o t c x  beans9 may be of  impartancc? 
i n  connection wi th  efI"ccts u.2,on the  > 2 o l m  afnw9hei"e. 

Cosni.c d u s t  is constaii$ly streas;in:; finto -the Darth Is a?;masphere. It 
p r o b a b l y  c o n t r i b u t e s  sone t o  a tnosphe r i c  i o n i z a t i o n ,  p a r t i c u l a l y  A t  %!?e 
. L L ) w G ~  3 r eg ion  d- i - i . tudes.  It nag c m t r i b u t z  t o  c o n t r o l  o f  r a i n f a l l ,  as 
sugss s t ed  b y  Bowcn I s  w d r k .  ,30uns5in,.r r ocke t s  are s l l i t cd  t o  an observat ion 
of  the prssknce of e osnic d u s t  u7lthi.n t k a  atrzosphzrs 
and  space p r 9 b s s  a r e ,  huwevzr ,  b e s t  s u i t e d  t o  t a c k l e  t h e  p a b l e m  of t h s  
flux of c o m i c  dust i n  i n t ~ r g l - a n e t a r y  space.  

u;F the  e a r t h ' s  gavi'c;y i s  seen  i n  the  r e t e n t i o n  oi' t h e  e a r t h ' s  atmosphers? 
i n  convect ion,  and. i n  d i f f u s i v e  s e p a r a t i o n  a t  ths h igher  a l t i t u d e s .  
riiioon L s  and sun's g r a v i t a t i o n a l  a t t r a c t i o n s  .. e x e r t  t h e i r  i n f l u e n c e  pri .marily 
through -bid63 produced  i n  t h e  ati::!Jsphero. J h i l e  the r o c k e t  i s  n o t  p a r t i c u l ,  
l y  useful f o r  s tudy ing  gravi ty  i t s e l f ,  as i s  the  s a t e l l i t e  c;r space p r a b e  
nev6r thEless  t h e  r m k c t  S r m i d e s  a m a n s  o f  i n v e s t i g a t i n g  the  atmosphere ' R  
behavicr  uqdar the  i n f l u s n c e  o f  t i d e s  and o the r  g rav i t a t i i 2na l  phenmena. 

r a t h e r  than i n  3ts 3f f ec-ts upon the  e a r t h  's  

A r t i f i c i a l  s a t e l l i t , ; . :  

;;ravitu. e x e r t s  an  i n f l u s n c e  on the e a r t h ' s  atmosphere. Tne i n f l u e n c e  

2he 

.....-- H n t e r d i s c a l i n a r y  .- - . . .- --."._.- a t t a c k .  MI understandin,  of  the  e a r t h  '9 dtnospb.erc, 
will be achisvad m l ; T  by  bringink. t o g , r t l e r  i n  a coherent  and i l l u m i n a t i n g  
fashioil the f a c t s  r evca led  by the  m s s e s  of  observakional  data o b t a k e d  
i r i  3% vlzriciis fields l i s t e d  above .  The 2roblem i s  broader  thpa rL)ckst 

obacrvat ions r o c k e t  s *dies ,  s a t e l l i - t e  measurensnts balloon E x p e r i m n t s .  
These 4a-tr;L mist b s  meldsd to ; (_e thsr  by s t a t i s t i c a l  a n a l y s i s ,  an3 ky 
dcscri-p-LiTre theory  t o  ,_;E:$ tlic t o t d l  p i c t u r e .  If i s  of 2art;culLr iraportanc,. 
t o  b r ing  oat t h e  i n t ~ r - r & l ~ t i o n s ~ l i ~ ~ s  e x i s t i n g  between v a r i o u s  a s p e c t s  o f  
the  atnosphere.  How r e a l  
cii \weather? k.re t h e r e  any s i g n i f i c a n t  r e l a t i o n s  b e t w e n  t h e  u2per atmosphe: 
an& t he  lower a$mosphere? -%at P e a t u r s s  o f  t he  a t r imphere and i t s  behavi l c r  

c a n  c on t r i b u t e  t o  an iizpr menen t  in westlier T arecas-king, perhaps t o  weathc  
2 m f r o l . ?  I n  whdt way aye t h e  varioas f ea . tu re s  o f  -the h igh  and low atrnosph.,:?: 
8 3 s  ociz ted  w i ' d i  c l ima te  and cl i l i la t ic  t r e n d s ?  :Tm'i f e a t u r e s  o f  the  atiuijsphe: 
nay be useful i n  f o r e c ~ s t l n ; r c o m m u n i c a ~ i o ~ s  c o n d i t i o n s ,  r a d i o  blackouts  , 
and d i s tu rbed  c o n d i t i o n s ?  An imj?ortant fr-a-Lure of t h i s  work  i s  th.a, t  t h e o r y  
and. abncrva$ion s h o u l d  be nei tkel-  s e p a r a t e  nor  s e q u e n t i a l .  They should go 
consciously hand i n  hand. "here s h o u l . ~  be a cont inuos feedback f r o m  -theor;r 
t; o cxpsriilzent a i d  sxyeriment- t o  theory.  Ti% 2;uidance provi3ed b y  the orjr 
::hould s t r e n g t h e n  and x m k ~  nore  sffective the  obse rva t iona l  work. In  re- 
turn t he  obse rve t i  onal  data, givss reality t o  t h e  m e t i c a l  r e s u l - t s  . 

The br%idness o f  t he  p r 5 b l e n  i~f  the  ezrth's atmosphere I s  c l e a r l y  
'sz-~ught o u t  by t h e  wide range o f  d i s c i p l i n e s  involved.  As a ccnssquence 
t h e r e  w i l l  of ten be a need f o r  c o r r e l a t e d ,  coo2erz t ive  observatiofis i n .  
many d i sc ip l i f i e s .  A program designed to atteck the problem. o f  the  
at~~cepphp.ra w i l l  n a t u r d l y  icclu6.e a b r o a d  sgectrwn of  expe r inen t s  i n  t h e  
d i f f e r e n t  d i s c i p l i n e s  i n c l u d i n y  s inu l t a i l c  ous observations of  d i f f e r e n t  
types.  3u-t t h e  b read t i ?  if thc  atiiiospheric prgblern i s  a l s c  ge0graphi.c. Ye 
d-te talkip.g a'aou-i; a \({hole aa i - th ' s  a txosj?hsree Helzce, t h e r e  i s  d g r e a t  
op:$ortunrltg f a r  i n t e r n a t i o n a l  cooper.?,-i;ion t o  o b s e r v e  the atmosphe-i.6 n o t  
only a t  v a r i o u s  times, b u t  at many p l a c e s .  lis d u r i n g  the I f i t e r w t i u n a l .  
Ge o2hys ica l  Year , ' the broad ge ographj-c a t t a p k  on t h e  i n v e s t i g a t i o n  of  the 
e a r t h  1s atmvsphere sho1-C-d c ontinu.6. 

' r o s e , ~ . r c h  ,.1 one. The data m u s t  bc: assembled from a l l  sources  I ;;round 

. 

for exanpie , a r e  the  sf f E c t s  o f  s o l a r  p a r t i c l e s  

!he stu1 
'3;- have a l r e a d y  reTerred t o  t h e  inpor tance  of t h e  sun and i t s  



radiat i  cns in c mnec ti. nn wt$h. t27~ i I i T - a n t i  Z;ati,,n of %he e a r t h  ' s atmosphere - 
I n  s t u d j i n g  the  atmosphere, the  fac-ts dboLit t h e  sun a r e  i m p x t a n t  becanse 
o f  t h e i r  c o n n ~ c t i o n  with the  behavim of t h e  atnosphere. !be stin l o o n s  i r ,  
i m p u r t c t i i c c  as the  m a j x  source  df energy r ece ived  by the e a r t h .  

khe n e a r s s t  star.. It  lJrovidss u s  w i t h  a u r  only rjpportunit;. t o  s tudy  a star  
c l o s e  a t  hand. Ssnaath the  e a r t h ' s  a tnosphe re ,  we cannot  make th s  m o s t  of 
t h i s  opportuni ty .  Ihe atmasphere c u t s  off wavelengths helm r o h & l y  2850 A. 
I n  a d d i t i o n ,  it d i s t o r t s  those wavelengths t h a t  d o  p e n s t r a t e  t o  t h e  g o a n d . '  
Zquipmsnt c a r r i e d  a l o f t  i n  b a l l o o n s  can extend observat ions samewhat i n t o  
t h e  u l t r a v i o l e t .  More impor t an t ly ,  such balloon-borae equipment can be 
c a r r i e d  above t h e  atm.mpheric l e v e l s  that ;  cause m o s t  of  the  d i s t o r t i o n .  
!Telescopes c a r r i e d  i n  ba l loons  can be used t o  make p r e c i s i a n  o b s e r v a t i m s  
bnd photographs of a c l m i t y  that cannot be obtained a t  $he grmnd. 

S a t e l l i t e s  can p u t  t he  r e s t  of t h a  a tnosphere behind, ex tending  
observat ions i n t o  t h e  u l t r a v i o l e t ,  x-ray, and even s h o r t e r  wavelength 
r eg ions .  Above the ionasphere ,  a d d i t i o n a l  parts of the  r a d i o  s p e c t r m  can 
also be observed. S a t e l l i t e  t e l e scopes  can c o l l e c t  data i n  a l l  the  wave- 
l eng ths .  I n  p a r t i c u l a r ,  such  s a t e l l i t e - b o r n e  t e l e scopes  with v i r t w a l l y  
unhindered s e e i n g  c o n d i t i o n s ,  can be used far p r e c i s i o n  and 1onF; term 
observat ions.  All 3f t h e s e  t h i n g s  can be a c c m p l i s h e d  when the  necessa ry  
engineer ing  of t e l e s c o p e s  and s t a b i l i z a t i o n  systems has been worked o u t .  

Jhat, t h e n ,  is l e f t  t o  the  suunding r o c k e t  i n  t h i s  a r e a ?  The 
sounding r o c k e t  can be used f D r  i n i t i a l  surveys i n  a given area, t o  
determine i n t e n s i t i e s ,  and t h e  presence or absence o f  phendmena of 
i n t e r s s t  i n  given wavelength ranges .  Tne sounding r o c k e t  p r m i d e a  an 
inexpensive means f o r  carrying o u t  such e x p l c r a t o r y  work. It  can be 
used f a r  t c s t h g  and c a l i b r a t i n g  equipment before such  equipment is  used 
on satellites. !he Naval Researah Laboratory,  Un ive r s i ty  af Colorado, and 
Goddard Space F l i g h t  Center grcmps have been ve ry  s u c c e s f u l  i n  the use  cf 
t he  r o c k e t  f o r  i n v e s t i s a t i n g  t h e  sun. S o l a r  radiatims have been meas'med 

adovm t o  t he  hard x-ray wavelengths i n  t h e  neighbarhood of  1 A vmit. 
Deta i led  s p e c t r a  have been obtained i n t o  t h e  f a  u l t r a v i o l e t  i n c l u d i n g  
the e n t i r e  Lyman-alpha s e r i e s  and sane crf t h e  continuum beyond. Rense 
has photographed t h e  He-I1 304 A resonance l i n e .  S o l a r  x-rays a r e  
enhanced and hardened a t  the t i m e  of a solar flare, b u t  l i t t l e  e f f e a t  
i s  observed i n  the  Lyman-alpha l i n e  of hydrogen a t  1 2 1 6  A. Ihe x-ray 
radiat ims i n d i c a t e  m i l l i m  degree temperatures  i n  the solar corona. 
The normal Lyman-alpha liydr3gen l i n o  is  naryow, shswing g t r u c t u r e .  As 
shown by Tousey, down t o  between 1809 A and 1550 A the solar s p e c t r m  
-is s i m i l a r  i n  c h a r a c t e r  t o  t h a t  d the  v i s i b l e  wavelength r e g i m ,  name- 
l y  a cont inu*m with FraunhDfer l i n E s .  Be low 1800 A the  sgectrum e x h i b i t s  
mare 2nd more emissian l i n e s ,  i n  which the  1216 4 Lyman-alpha l i n e  sf 
hydrogen is t he  b r i g h t 6 S t  f e a t u r e .  As mentioned a b w e ,  the e n t i r e  Lyman- 
a lpha s e r i e s  and t h e  continuum beymd appears i n  t he  spectrum, b u t  w i t h  
T6yman-garmz3a suppressed ,  a p p a r e n t l y  by  a b s o r t i m  i n  t h e  e a r t h  Is  atillosphere 
Yhe Raval Research L Q b u r a t a r y  groap has obtained photographs of  t h e  
SLUI'S d i s k  i n  both Lyman-alpha and x-ray wavelengths. 

!Be impar t an t  r o l e  uf t h e  rocket f s  in collecting data that  cannot  
be obtained a t  the g r ~ u n d .  % ,&..aeed f o g  more in format ion  on the  
s u n ' s  energy Ju tpu t  i n  x-ra Faviaet,  anh o the r  wavelength r eg ions  
There i a  p a r t i c u l a r  need t o  neasure  these  outputs  and t h e i r  v a r i a t i o n s  
-5hruugliaut t h e  sunspot  cysle. Likewise one wishes t a  know narc a b m t  
the v a r i a t i m s  f r m  nwmal  q u i e t  sun c o n d i t i o n s  t c ,  f l a r e  c m d i t i o n s L  
It i s  i n p o r t a n t  t o  sbtain d e t a i l  acr3ss t h e  s u n ' s  face,  and out i n t o  
-bhe c o r ~ n a .  O f  great  iinportance is the  s t u d y  G f  sdlar particles and 
m d  macnetic f i e l d s  a s s o c i a t e d  with t h e  sun  and tlie clo\ ,ds af _uarticLes 
i t  emits .  Gbservations &L"B needed on t h e  e x t e n t  of t'ne sun's a b m p h e r e  
-271d t h e  v a r i a t i m  of c o n d i t i o n s  i n  the s Aa-r ahos9)lGre with d i s t a n c e  
? r a m  t h e  sun. The e f f e c t  rf %he sun upon the  i n t e r p l a n e t a r y  medium i s  
,f s c i a n t i f i c  i m p x t a n c e .  Many 3 t hese  3bserva-Lians will b e  d m e  b y  
~ ~ z a r r s  of s a t e l l i t e s  and space probes. B u t  w i th in  and a t  tllc ed3e df the  

Bu t  t h e  sun i s  s c i e n t i f i c a l l y  impor tan t  i n  i t s  own r i g h t .  It i s  a s t c , ?  

s<z  
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e a r t h ' s  atmosphere the  s:>iindirid xa4-wlratr, kmva t h e 5 r  r o l e  . 
e a r t h ' s  a t m o s p k r e  and the  s u n ' s  i n f luence  on that atolaspllere, can 

s6 l f .  Rsckets can be aoed v e r y  c f f e c t i v e l y  a t  the  time Jf an 
e c l i p s e  as t h e  Naval &sea rch  L a b x a f o r y  G r o u p  has s h a m .  

c o l l e c t i n g  j.nf o r m a t i  on. Tho o.ry shoul.:.  :: o h . n d  i n  li,nd with ex$rimGn-bS 
h e  w i l l  want t o  explore  t h e  meaning of the dab& ubtained,  n o t  j u s t  
e.s they  apply t o  the s u n ,  b u t  f ~r s f e l l a r  5lisory i n  gsneral .  

' Observatians that  f r s m  a n s t h e r  p J i n t  3f v i iew were a a tady  <)f t h G  

A b e  turned a r w n d  t u  g ive an apyrQach -bo t h e  s t u d y  df the s m  it- 

Once aga in  the  prdblem i s  broader than simply obs6rving and 

Bocke t ius tr onmy -I...-.--- --:- 
One of  the m o s t  e x c i t i n g  p , a s i b i l i t i e s  of r%.ket  s%mding 

is tha t  o f  making as tr o n m i c d  g b s c u r v a t i  ons a b  ove t h e  a?imosphere 
in wavelangths t h a t  cann2t b e  abserved d t  t h e  g rxnd .  This f i e l d  
of r a c k e t  a s t ronony ,  :thich W d S  opened up by klic k v a l  Research 
Labmatory  ; r o u p p  i s  s t i l l  i n  i t s  illfaRcy. The i n i t i e l  r o c k e t  
observa t ians  w i l l  e v d v e  i n  t ins  in t : ,  an i n p o r t a n t  a r t i f i c i a l  
s a t e l l i t e  a c t i v i - t y .  3 u t  t h e r e  i s  s t i l l  n u c h  t h a t  the sounding rocket 
can do ,  

The Naval Research L i b o r a x x y  g a u p  has shown the presence 
of  s t r o n g  u l t r a v i o l e t  s ources i n  the  sky. These u l t r a v i o l e t  
r a d i a t i o n s  ,jive a c l u e  t 2  e v o l u t i m d r y  processes  goin, .  on i n  the  
stars and i n  i n t e r s t e l l a r  si?afta, T h a  observa t ians  a r e  being 
c3nt inued by  t h e  fiTaval Rssearch Laboratory and t h e  Goddard Space 
F l i g h t  Center. S o  far, t he  oSscr-r2tions have been coni'insd t o  the 
Nort;hern hemisphere. !!isre i s  a need t3 e.rixnd them t o  the 
Southsrn hemisphera. 

Cor ta in ly  an i n p o r t a n t  f e a t u r e  of s a t e l l i t e  as t rmmy will 
be t h e  opportuni ty  t c  observe i n  the  gamma r a y  region. Whether 
o r  n o t  t h i s  might  lend  i t s e l f  t o  - 5 ' ~  s m n d j ~ n ~ g ~  r o c k e t  approach i s  
a m a t t e r  o f  q u e s t i o n ;  b u t  i t  nidy Sa w o r t h  explcJrlng* 

Ne t e  or 02 

t o o l  o r  technique t h a t  can be made t o  a i d  i n  f o r e e a s t i n g ,  o r  i n  
the mod i f i ca t ion  a€ weather lids p ? a c t i c a l  va lue .  I n t h i s  f i e l d ,  
t he  sounding r o c k e t  can indeed be zf LSS. %e moderate a l t i t u d e  
rockst, :nhich %an be nade 3f s imple c m s t r u c t i o n ,  can be  used t o  
msasure t h e  me teo ra log ica l  g r o p e r t i e s  of t h e  atmosphere above 
a l t i t u d e s  obta inable  by ba l loons .  For  such observat ions the r o c k e t  
wi th  a peak a l t i t u d e  Jf between 60 and 70 h. can be very use fa l .  

Sounding r o c k e t s  can be used i n  the neteoroloL=;ical  a r e a  
b o t h  f m  r e s e d r c h  and fCr o p e r a t i o n a l  needs. In e i t h e r  c a s e ,  -bne 
p r i n c i p a l  a i m  is  the  c o l l e c t i o n  1 3 f  d a t a  on p r e s s u r e ,  t empera ta re ,  
d e n s i t y ,  wdter c o n t e n t ,  ozone, and winds.  A l s o  af value  itre 
o b s G r v a t i o n s  on solar u l t r a v i o l e t  r a d i a t i o n ,  The r x k e t  method 
i s  of p a r t i c u l a r  imQortance not; onlj. because i t  permits  one t o  
extend t116 observa t ions  w e l l  a S x e  ba l loon  a l t i t u d e s ,  b u t  a l s o  
because Toe observa t ions  can be taken quick ly .  F x  ope ra t iona l  
nceds ,  f o r  example, f a r  ob ta in ing  n e t e m d 1 o : i c a l  data i n  cunnect ion 
with a m i s s i l e  f i r i n g ,  t he  r a p i d i t y  with which the data aay be 
c J l l e c t e d  i s  important .  

There a r e  s e v e r a l  approaches. To o b t a i n  upper air  bvinCj.s, 
chhff o r  meta l ized  parachutes  can b 
and t racked  on descent .  !Ibis tecbnj-quo is  e f f e c t i v e  t3 perhaps 
60 ka a l t i t u d e .  Gages plus r a d i o  t e l eme t ry  c m  b e  used ti, obta in  
p e n s l i r e  , t e n p e r a t u r e ,  dens i ty ,  water c o n t e n t ,  ozone, and s o l a r  
u l t r a v i o l e t .  The techniques a r e  those  that have become faniliar 
i n  rocketry.  Here aga in ,  t he  r 3 c k e t  can p r a p e l  t he  ins t ruments  
t o  a l t i t u d e  qu ick ly ,  where the  measuring package ean b e  e j e c t e d  
and lowerad by parachute  t o  slow i t s  f a l l  through the  atmJsphere.  

!Die wea?her i s  always a t  hand. Itis impsrtance i s  pa ten t . ,  b y  

jested f r o m  the f l y i n g  r o d r e t s  

E; 12.: 8 
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I n  the  United S t a t e s ,  small sounding rockets have been 

used. f o r  c o lxec t ing  meteoro logica l  data on a quasfsyaAptLo b a s i s .  
I n  t h i s  coope ra t ive  e f f o r t ,  at about a half dozen s ta t ims -Lie 
smal-1. r o c k e t s  lave b accordance 
with 3,n agree& plan. but  t h a t  t h i s  
t3ctkLnique can be mad t r a c t i v e  
f ea tu re  CrF such  a prom a1 and wide- 
scale va1t;l.e n P l a i n 1  o d d  be developed 
i .n t s  an i n t e r n a t i o n  

co-woTkers a t  the C give  s t e  npera t m e  
and. winds t o  80 ’3r 90 km. The obse rva t iona l  data axe Jb ta i ced  
qu ick ly ,  bz-8 t h e  r e d u c t i o n  of t h e s e  d a t a  t o  t e n p e r a t u r e  and wind 
vslaes is a lengthy p r O C 8 G S * ”  this. r casa ,  +&e grenade approach 
may n a t  p r a m  t o  be a partima 
obasrveti o m  

On occasion, r w k e t  photograpy may grwe very u s e f u l  f m  
n e t e o r o l o g i o a l  research. It i s  even ppossible t ha t  r x k e t  photo- 
graphy may prove u s e f u l  f m  opera t iona l  needs. It  vcmld seen, 
howe-rer, t h a t  the satellite approach, i l l u s t r a t e d  by t h e  Tirx 
s a t e l l i t e  k~ t h e  1mg-range answer f o r  weather photdgraphyb 

p a r t n e r  with the t,cather sixvelllance s a t e l u t e  in the  ; m a r s  t o  
ccnie. Both l r ! i i l  have t o  be m p p m t d  b y  a s t rong  t h e o r e t i c a l  
e f f o r t .  !ibis a f f o r t  w i l l  hdve t o  h e  devated cer tz3 .n ly  t o  t he  
ghysics tf the problam r e q u i r e s  t h e o r c t i c d  a t t e n t i o n .  The m ~ s s e s  
of <a ta t h a t  will Sec ome avdilclble fr m:sz-ther s a t e l l i t e s  and 
r o c k k t  sounding n e t s  w i l l  prove overvahsjming unless  c-refuZi 
a t t e n t i a n  i s  devoted t o  t he  problem of uaing these  d a h .  If t h e r e  
i s  any i n t e n t i o n  of apply ing  the  ddt2 on a r e a l t i m e  b a s i s  t o  
weather p r e d i c t i o n  and o2e ra t iona l  needs th?z g r o r n d n o r k  m u s t  
52 l a i d  for t h i s  a c t x v i t y .  This i s  a p r o b l e m  that has n o t  y e t  
besn solved.  

F o r  research qde of Stroxd and 

.y ttsef ul teehnique f .ir op3ra t i  onal 

’.-I ti. -. f i e l d  of w t e o r o l  o.gy, the seundling roc1;et w i l l  be a 

6 

Closmir: & ,  

day3 o f  r o c k s t  sounding L i d  t h e  b a s i s  for t he  presene  day s z t e l l i t e  
and space probe r e s e a r c h  on cosmic rays, radict t ion b e l t s ,  and 
i n t e r p l a n e t a r y  p a r t i c l e  r a d i a t i o n s .  Much of t he  c u r r e n t  a c t i v i t y  
in t n i s  f i e l d  w i l l  be done i n  bal loons on t h e  one hand, and i n  
s a t e l l i t e s  and space probes on t h e  o t h e r -  

B u t  t h e r e  i s  s t i l l  a r o l e  for t h e  sounding rocke t .  Cosinic 
rcLy emulsions can be ex2osed i n  very high d t i t u d e  s o u n d i n g  rockets, 
and qu ick ly  recovered f o r  p rocess ing  and study. Importdnt emulsion 
e x p r i m e n t s  can be done i n  r o c k e t s  that rsach a l t i . t u d G s  Iron a hundrel:. 
M l o z e t e r s  t o  many thousands of k i lome te r s .  The ve ry  high a l t i t a d s  
fli.&ts n o t  only provide long  oxposure timm, but  a l s o  marry the  
emulsions beyond t h z  Qi2,rth’s a tnosphere i n t o  t h e  lower  reaches  
o f  t h e  Van Allen b e l t .  a sf ibject  cLLrren.tly of great i n t e r e s t  i s  
that; of the  solar prot-on beans observed i n  connect ion nii-h large 
solar f l a r e s .  I r i ves t iga t ion  of the8e so lar .  p ro ton  beams b y  means 
o f  rocke-bs i o  being carrfec! o ~ i t ;  5y the Cadfiard Space F l i g h t  Center 
, ~ o u p .  n m k e t c  b e a r i n g  cosmic r a y  ernuleions, a r e  launched i n  the 
polar r eg ions  i n t o  t h e  s o l a  beam fo l lowing  the  occurrencs of a 
bean producing flare. After  f l i g l i t  t h r o u g h  the proton Ssam, th6 
emlrlsion is recoverEd Prom the f;^allen r o e k a t  f o r  s tudy .  

i n  connection with t h e  study cf c o s z i c  rays. Ideas a r e  wh2-t a r e  
needed 

--- 
The pioneer ing  w o r k  of Van Allen and otl iers  i n  the  e a l y  

It nay wel l  be t ha t  t h e r e  a l e  m n y  o ther  use8 of tiis r o c k e t  

&lis c e l l m a  ous P r o b l e m  . ---1--_uI -.- 
One can g o  on a t  l s n g t h  t o  l i s t  drcas i n  which sounding  

313 8 



* :c!--~ofi- h-y-0 boen,  and w i l l  con t inue  t o  bo uaofirV. R u t  probably 
enongh de ta i l .  IKLO I . ~ ~ ~ -  F,=..-onented t o  Live a f e d i n g  f o r  
t h e  inpor t ance  of the  sounding raqke+'fl r o l s  i n  high a l - t i t u d e  
r e s e a w h .  Wc s h a l l ,  t he re f  ore simply l i s t  qtiickly, w i t h o u t  dc- 
t a i l e d  d i s c u a s i  on th(3 remaining a r G a s  t h ~ t  c o m  t o  mind. 

' c  field was monJl;i40ned i n  connect ion 

k n o t .  Cctroful s t u d y  of 
liowC-ver, has an importance 

thc  e a r t h ' s  magnet5s f i e 1  Q ~ G S  :3ts t o  cond i t ions  
i n  tLe i n t c r i w  of t h g  e a r t h ,  an3 as t o  the ciarth'rs e a r l y  h i s tory .  
Much of tho o a t i o n  of t h o  earth% m;;nc t io  f i o l d  w i l l  be 
m c  ampl%@hcd wtificfal Barth l l i t o s  b But measarements 
w i th in  ionosp  ci&rc;nt ~ h w h  e l c c t r o j Q t f i + ,  and of t h o i r  
e f f e c t 8  on t h  gnetis fisld, haps b e s t  done wi th  r o c k o t s .  

c o n t r i b u t i o n  $6 atmospheric ionirt  , and it8 r e l a t i o n  t o  
woathor phmomena,, ;zre s u s c o p t i b l  r mke t t o b b i q u e  

which m,w h a w  very usGfu l  ctpplic 
t h e  atmosphere, and t h e  WGLther. 

Sounding r o c k e t s  should be iised whenever p o s s i b l e  f o r  f l i g h t  
t es t s  o f  Equipment, and oheckout o f  o x p e r b e n t s  , i n i t i d  sarvays, 
e t c . ?  before 211 experiment is f i n a l l y  conmittcd t o  a very expensive 
s a t o l l i t o  o r  E probe. The sounding r o c k e t  i s  of use i n  re- 
e h t r y  t e s t s ,  adynamia monsuromonIs, ma;surcmentp of  d reg  
h e z t i n g ,  c t o .  

How u s e f u l  t h G  sounding r o c k e t  m,ty be f o r  b iosc iances  r e -  
set-trch is  plsrhapa s t i l l  Etn open q u e s t i o n ,  d - t h O U @  the Sovie ts  
SGGIT t o  hdvo uaad t.ic rocket; extcansivoly f o r  such  s t u d i o s .  G r t d n L y  
2 groz t  dGa1 of  thought  i n  t h i s  matter is e d 1 Q d  f o r .  

huge high-vacuum li ibDr.+tory p r w i d o d  t o  us b y  n a t b r s  Here 
proceases  ciln be s t u d i e d  wi thou t  worrying ubr ju t  wall e f f e c t s  and 
s i m i l m  Liboratory vex3t ions.  By rwns o f  GJec t ing  substatnees 
i n t o  tho high atmosphero, it shou ld  be  p o s s i b l e  t o  maks measarements 
on d i f f u s i o n  c o e f f i c i e n t s ,  a t t a o h n e n t  c o e f f i c i e n t s  recombination 
coeff  ioien-t;s , ch.xrge Gxchange procegslsss, photochemical proceases ,  
znd other i n p o r t a n t  p h y s i c a l  q n a n t i t i e s  and phenomene, A beginning 
of t h i o  sort of exgerimentat ion has already bean mzde b y  the  
United S-bates A i r  Force .And t h e  Geophysics Corporation $ h e r i c c  
i n  r e l e s s i n g  13 odium v t z ~ o r  c louds?  e thy lene  , n i t r i c  oxido , End 
o ther  ohemicaAs i n t o  t h e  upper atmosphere The p d t e n t i d i t i e s  f o r  
such experimentat ion should be explored f u r t h e r .  More thought and 
nme i d e a s  u r e  needed. 

s of cosmic a i  i t h i n  tho  et'marirphorc, i t s  

There i$ tho f i e l d  o f  high uda rocket photography, 
in the seudy of t h e  e t x t h ,  

Findly, l e t  us  n o t  f o r g e t  thtzt t h e  upper atmosphcre is  r, 

To i n v e s t i g a t e  t he  high atmosphere by d i r e c t  observa t ion ,  
m e  n u s t  G o t  the  measuring c q u i p m n t  up t he re .  !Phis is  whdt the  
sounding r a c k e t  makes p 3 s s i b l e .  It c a r r i e s  equipment a l o f t  i n t o  
t h e  h i j h  a tnasphore t o  t h e  very rGgians where abserv,t iuns & r e  t o  
be =de .  h c e  t h e r e ,  t he  equipment must then operate  u t m , t i c z l l y .  
Tho data obthined must t h s n  ba retrieved. This can be dcme 
e i t h e r  by r eco rd ing  on t a p s  or f i lm,  o r  i n  some f a s h i o n ,  w i th in  
t h e  rockat?  sna then  rtaoovering the  r e c o r d  f r w  the r o c k e t  a f t e r  
Y t  r-s t o  &~oun&r To f a c i l i t a t e  the  recovery  cf this reco rd ,  
parachutes may be used t o  lower the  i2 r t i m  Jf t he  rocket oarry-  
i n g  t h e  record. O r ,  what i s  more conam, r & i d  lrsy be u s e 3  f o r  
t e le lne te r ing  t h e  informat ion ,  The ueasured data i n  t h i s  case i s  

A 
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code3 w i t h i n  the r o c k e t  and impresrae3 u p m  a r e d i J ~ c a r r i e r  whioh 
i s  t r a n s m i t t e d  f r o m  the  r a c k e t  t a  t h e  ground. A t  t he  grcund t h i s  
t d e w t s Z i n g  si,sr;lal is received, dedode3 t o  reciwer the  i n f s m c t i o n ,  

me permanent f om, f o r  example, on f i l m  o r  on 

ainod e i t h e r  frcrrn the  tolsnstar%ag signd9 o r  
f a l l s n  Pocket,  c m t a i n s  the informat ion  t h a t  

t al,3ft t o  ac 
n l c s s  one can de i n e  whGre the inci ividual  
z c t u a l l .  nade L i t t l 9  v@luo t o  know 
neasurzd by ,;n i ent was B O  n m y  n i c r o n s ,  
whct a l t i t u d  asurament was mh.. The 

18 enf o&$$on, however, 

history a$ t can be obtilined v e r y  ' 

da the n e d h d  d z t e  p o s i t i o n  
f i c i c n t ,  the 

r m o e  chwz r m e t e r s  may 
Cmke'B; t 3  GEtS 

I n  smo. C m e s  Gxperinental  k n s t r  
prmi3.s clues  as t a  the t r a j e c t o r y  f o l lawef i ,  as f x  ~xample  i n  
the  C A S Q  af cosu ic  r G y  a m t a r s  wbic 
r z t e  a t  19 kn. a l t i t u 3 o  wi th in  the  
C ~ L G - !  'Pfotzor  iram 3f cdsnis ray i n t e n s i t y .  Knawing the  t i n e s  
z t  which t h i a  inum i n t c n s i t y  WGS obssrvec? an clsoent c;nd c"lcscent, 
anc3 t h o  t o t d  t i n e  s p e n t  between t h c s s  t w o  obscrvz t ions ,  one ccn, 
by f i t t i n g  G frQ@ f a l l  t r d j a c t t r y  t o  t hcse  t imes an3 : _ l t i - t u < c s ,  
obtain e, f a i r l y  goo3 c s t i n u t e  J f  t h e  r x k e t ' s  trcj 

d oquipaent ussd i n  r o c k e t  s o w 1  t h e  wwr . 

atni)sphel*8 i s  ang I-b i n c l u d e s  r o c k e t s ,  c#f a@wse,  1auh&&xsr I 

w? r>f tTGcki  

s h x l 2  s h m  E rnzxiuua coun t ing  

I t e l eme te r s  s u p p l i e s ,  c wm.m3 receivers zn3 . t r a n s n i t t e r o - ,  ' g o  , 
t c r i n g  t r L b n e r i t t e r s  a d  Zrouna s t ;u t ions ,  rdlcr 
a?ar beac3ns, r u d i o  velocinetcws, the  o!..)lit6s, 

t e l cacapes  b c l l i a t i c  cacras ,  g ~ o u n t t  an tennce ,  e t c .  FJr s p e c i e 1  
launches a t  p3r'DhuleYr ~@o,g?apl i ical  1ax3ti m s  sh ips  nay be ussc?. 
B d l D m s  ciln be eslplayeri ti, t@ks %hes r m k e t  i n t a  t he  s t r c t % p h o r e  
f c r  l aunching  there abme  t h e  3eenGsr l o w e r  etmx3phere. All t hese  
w e  basic suppor t  itens. To then nucjt be Etlde4 the  e v e n ' l m g e r  
l i s t  2f nezsuring inslmuxents thalt d-o rcsezrch. 

p o s s i b l e  t o  obtain n o t  m l y  .$he t e , b  - t e r d  data frm t h e  r J c k e t ,  
b u t  d s c ,  acourat@ t h i n , ; ,  cn3 a c c u r a t e  r i Z q L ? X  tn3 J p t i c z l  t r ack ing .  
Suok a, rzn,ze is t j r y i f i e r l  by thct &t F w t  C h u r c h i l l  i n  CanzZa, which 
wyes o m s t r u c t e 5  f x use %wing th,e & n f e r n & t i m - l  Gedphysicil Yezr. 
The range w2.s oonceived, des ignea  znA c lms t ruc ted  €Nir the  
s 2 e c i f i c  yurpass  J?? cczrryfng J u t  z s e r i e s  .jf IGY smn- i ings  i n  the 
w i r3 rd  zone. E$ weq s s t z b l i s h o 3  i t  the  i n v i t a t i m  the  
C a m ? i a  GoverrUMsdt. A l'arg;o y z r t  ;f t h e  o ~ ~ s t r u c t i o n  wwk w m  
s c c m p l i s h e d  by tho  Unite3 States A m y  Bq-insers ,  the r o n e i n h r  
boin;-  "_one by  pr ivate  contrao$or. Tho range incluc'ies an Xerl2boo 
l m n c h i n g  t o w e r  which WZS ?esigne?, and b u i l t  by  the Aero je t  
Generzl  C x p o r a t i a n .  This t a u e r  i s  cnc l J se9  m m n d  t h e  b 3 t t m  t 3  
~ ~ r c i t  opcrLtisn i n '  a l l  k in5s  a f  wlo@Aher. More m e r ,  the  t m e r  
i s  riJunts2 on bizls so th.-tt it can be lrovod as nuoh as l eo  frm 
t h e  v s r t b a l  I i r c c t i m .  !I310 range z1s.j has has cn Aerobee 
proparz t  i on b g ,  o Nike-Ca jun l aunching  f n c i l i t y  2n5 p r e p a r a t i  -In 
area, a f i r i n g  blcrokhowse p r o t o c t s z  with sand snbanbent s ,  p r o p e l l a n t  
an3 b s o s t e r  stwago bui l? . ingst  a rerlar s y s t e n ,  a f i v e - s t c t i s n  DspplGr 
v e l m i t y  an?! p o s i t i o n  s y a t m  (nwaP), a b a l l i s t i c  amera  l a y a u t ,  
ionospher ic  g r w d  s t a t im@,  t e l e m t e r i n : ;  stzttims, a geaphone n e t  

The h e w i l y  i n s  trmien@a s oun3 g r o c k e t  range makes i t  

SIE 8 
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There are u n y  pr.)blcr-is f 3r s mn-!in= r x k L t t s  y e t  t c  s d v e .  
The s , - , t c l l i t c s  m i  s g ~ c c  pr.+lbcs 3- i  nt3t by i n y  w a n s  put  the 
s ~un-lin,r; r :)cketg .ut uf bxs iness  I n s t e ' t l ,  they bee m e  p a r t n e r s  
Tk r m k o t p  in f a c t ,  is  intcrcze-li:Lte bctwoen t h e  b d l o r m  mil 
the s L t e l l i t c  f .miinf: r: t r i p l e  p x t n c r s h i p  with then ,  Them is 
ncc-l f ~ r  sJun?in,= r:icket zx t iv i t i s s  t t t  v x i d u s  places -Lr.mx2 the 
w.xl.!. O b s e r n t i m I  which have been g'iint; m i n  t h o  n x t h c m  
h m i s p k  r c  sh>ulcl n >w bo extcn-7e4 t o  fi?e s outherr? honisphcre 
an3 t 3 tl% cquat  w i a l  re& ins e 

!Jhc oarth'e utnasphere f Jr exilraple is  an extreziely 
cmslox  an3 c h d l a n g i n g  dbjec t  ;f s tx3y .  It r c q u i r c s  3 b s s r v , : . t i m s  
i n  Limy l i s c i p l i n o s  
The varying i n d u t s  df energy ti> t he  a t i - ~ ~ s p h ~ r $  rlust be dbserved 
2nd ca ta logae?  ~ E I  E? f u n c t i m  of  t i ne ,  seasan, m% ghesc af the  
aansp3-t cycle. The i n f luence  3 g r t i c l e  ra3iations uy ~n the 

tz bewi1:oring ?.may .>f d i f f e r i n , <  q u a n t i t i e s .  

SIB 8 

A 



. 
+ -  

C. S. White and 0. 0. Bensm,  Jr., ( E d s . )  : PHYSICS AND bEDICIN3 
OF THE UPPSR iiD'dIOSZI3ERE, Un ive r s i ty  sf New Nexico Press, 1952. 

I 
H. 2. Bewel.1. HIGH ALTI TJDX ROCKET RXSEARCII, kc;l?enic Press 1953 

R.L-F. B q 2  nn3 M. J. S e a t m  (ECis.), with H.S.Y. Masse- 
EATLORL~TION OF THE WPER ,QddSPHERE, P e r g a m  Press ,  LtJL. ? LJnd m, 
1954 

H, E. Newell, (Ed.) S O U N 3 I N G  ROCKXTS, Mc G r a w - K i l l  Book CD.?  I n c a  , 

I 2 1959, 

SIE a 

4 


